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Abstract 
We present a measurement approach to obtain increased differentiation of exhaust gas components and stabilized signal behavior 
using a standard zirconia-based potentiometric lambda probe. The self-discharge characteristic after different voltage pulses 
applied to the sensor is used as a measured parameter which depends on gas type and concentration. The detection of NO in the 
lower ppm range is demonstrated. In addition, this approach allows to improve the response and selectivity to NO significantly 
compared to other investigated gases as NO2, NH3, H2 and a mixture of hydrocarbons. Therefore, this technique seems to be 
capable to enable NO sensing in exhaust gas with improved selectivity using standard lambda probes. 
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1. Introduction 
Electrochemical devices using oxygen-ion-conducting yttria-stabilized-zirconia (YSZ) are appropriate for 
applications as oxygen sensor at temperatures higher than 600°C. At lower temperatures, the chemical reactions on 
the surface of metal-oxide electrodes and electrolytes compete with electrochemical reactions. The simultaneous 
reactions limit the selectivity to different exhaust gas components. Regarding NOx detection, standard 
potentiometric sensors suffer under the opposite sign for the emf potential of NO and NO2 which makes it very hard 
to monitor total NOx [1]. Therefore, a wide range of complex material systems is under investigation in order to 
obtain reliable NOx detection [2, 3]. A main drawback of this approach is the insufficient knowledge about the long 
term stability of these systems. Hence, our approach described in this paper is to use standard lambda probes known 
as robust and reliable systems and to operate them in a way that enables to measure NOx concentrations in a reliable 
way. We apply pulsed voltages to zirconia based oxygen sensors and investigated the self discharge behavior in 
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 between the voltage pulses. Since the equivalent circuit of the sensor contains a parallel circuit of capacitors and  
internal resistors, a simple voltage measurement without an additional shunt resistor was used in order to investigate 
the complex behavior of sensor self discharge. 
2. Experimental 
The measurement process used in this work is shown schematically in fig. 1: after a positive charging voltage is 
applied, the voltage supply is disconnected and the self-discharge voltage of the sensor is recorded. This procedure 
is then repeated used a voltage with opposite sign. All relevant parameters as voltage, pulse duration and pause time 
have been varied in order to evaluated their influence of the discharge behavior. 
 
 
Fig. 1(a): Schematic depiction of the measurement approach; (b) gas concentration profile used in the multi-gas tests. 
Gas measurements have been carried out with synthetic air at a total air flow of 1 l/min and a humidity level of 
3% absolute. The test gas concentrations for NO, NH3, ethanol, H2 are shown in fig. 1b. In order to represent 
hydrocarbons in the exhaust gas, a mixture of acetylene, ethane, ethane and propene was used as additional test gas. 
The lambda probes were mounted in a furnace in order to simulate a hot exhaust pipe. If not stated other, a furnace 
temperature of 325°C was used and a constant heater voltage of 8V was applied to the sensors.  
3. Results 
The resulting sensor voltage recorded over time during the discharge phase is illustrated in fig. 2. The drop of 
voltage from the applied pulse voltage of 2.5V to approx. 500mV occurs in a few milliseconds and is therefore not 
displayed. The discharge curves show a strong and monotonic dependency on the concentration of NO for both, 
negative and positive pulse voltage (fig. 2). The curve is not only shifted with changing concentrations, but shows 
additional changes in the overall shape, which are more evident for the positive pulse (fig. 2a). A clear response to 
NO can be observed even at the lowest investigated concentration level of 5ppm, the detection limit can be assumed 
to be in the range of 1ppm. Nevertheless, a further shift of the discharge curves is evident at NO concentrations up 
to 150ppm, so that the detection of NO is possible over at least two decades of concentration. 
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Fig. 2: Time behaviour of the sensor voltage during the discharge phase at changing NO concentrations. (a) left side: positive pulse,(b) right side: 
negative pulse. 
Fig. 3 illustrates the difference in gas response between the evaluation of the positive (fig. 3a) and the negative 
(fig. 3b) discharge curve, respectively.  Test gases have been applied according to fig. 1b. The response curves have 
been derived by analyzing the discharge curve at different times after the pulse voltage was switched off. The 
change in voltage caused by NO does not exceed 25mV for the negative pulse evaluation. In comparison, the signal 
change derived from the positive pulse is significantly higher and reaches up to 140mV at the maximum NO level of 
150ppm for an evaluation time of 10 sec.. If a shorter evaluation time is used for the positive discharge curve, the 
response to hydrogen and the hydrocarbon mixture can be suppressed efficiently. The response to CO and NO2 as 
relevant exhaust gas components was also tested. Since the sensitivity to CO was negligible for both, negative and 
positive discharge evaluation, it is not further presented here. The response to NO2 is small compared to NO and is 
therefore also not shown here. 
 
(a) positive discharge curve 
 
(b) negative discharge curve 
Fig. 3: comparison of the gas response to NO, NH3, ethanol, H2 and hydrocarbon mixture by evaluation of the positive discharge curve (a) and the 
negative discharge curve (b), respectively.  
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 The difference in gas response using continuous voltage readout and the evaluation of the discharge curve 
described above is illustrated in fig. 4. Test with the same gases and gas concentrations as described in fig. 1a have 
been performed with both methods. Using the pulsed discharge method, the response to NO is the most prominent 
compared to other gases (fig 4a), while by continuous voltage readout nearly no response to NO was obtained (fig 
4c). In contrast, the response to ethanol is similar for continuous readout and by evaluation of the positive discharge 
curve respectively.  
 
(a) positive discharge (b) negative discharge (c) continuous readout  
Fig. 4: comparison of the characteristic curves related to NO, NH3, ethanol, H2 and hydrocarbon mixture (a) by evaluation of the positive 
discharge curve, (b) by evaluation of the negative discharge curve and (c) with continuous voltage readout. 
4. Summary 
The investigation of the self-discharge characteristic is a promising approach for detection of NO in exhaust gas 
using standard lambda probes. The detection of NO in the concentration range from 5ppm to 150ppm is 
demonstrated, which is a suitable range for exhaust gas measurements. Regarding the response ti single gas 
components, the sensitivity to NO is improved significantly compared to other investigated gases as NO2, NH3, H2, 
CO and a mixture of hydrocarbons. Nevertheless, further investigation is needed applying the relevant exhaust gas 
components to the sensor simultaneously. Detailed investigations on the sensor mechanism using impedance and 
cyclovoltametry will be carried out as a next step. 
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